We studied survival to 38 years after Charnley low-friction arthroplasty of the hip. We used revision as an end-point, while adopting a policy of regular follow-up and early revision for radiological changes alone if indicated.
The use of survival analysis, 1 within the limits suggested by Lettin, Ware and Morris, 2 offers uniformity of terminology and comparability of results, which are essential features of scientific communication. The Swedish National Total Hip Arthroplasty Register 3 has set clear standards, with revision total hip replacement (THR) as the end-point. However, the timing of a revision will influence the pattern of survival analysis. Revisions early in a series, either because of a specific indication or because of an established clinical practice, 4 will have little effect on the cumulative rate of success if large numbers of THRs are involved. Conversely, with increasing followup, as the number of THRs at risk declines and the number of failures increases, so each revision will have a greater negative effect on survival. As clinical results do not reflect the mechanical state of a THR, 5 to await symptoms implies that revisions are likely to be performed late. If this happens then the incidence and complexity of complications may increase. Furthermore, if records do not include the operative findings, the available information is of limited value. Soderman, 6 validating the results of the Swedish Register, summarised this point succinctly: "the results ... with revision as failure end-point give an exact but limited information about the quality of hip replacement in Sweden ... the rate of combined clinical and radiographic failure was at least twice as high as the register presents in survivorship analysis." We have examined the survival after primary Charnley low-friction arthroplasty (LFA) (DePuy International, Leeds, United Kingdom) with revision as the end-point, and documented all the operative findings.
Patients and Methods
We examined our database to obtain information on the patients who had undergone primary LFA, including their follow-up and any revisions. The details of the findings at revision THR were documented under the headings of infection, dislocation, a fractured or loose stem, or a loose acetabular component. The number of findings was therefore greater than the number of LFAs revised, and the information gathered more valuable than simply recording a single indication for revision. Our policy is one of regular follow-up and early revision, if need be for radiological changes alone, 4 unless there are serious contraindications. Routine follow-up was at three months post-operatively and then annually. However, with increasing follow-up and experience it was possible to individually tailor the review according to the radiological appearances of an LFA, 7, 8 the level of activity 9 and the rate of acetabular component penetration. 10 Patients THE JOURNAL OF BONE AND JOINT SURGERY with no symptoms and no radiological changes were given a maximum of four years until their next follow-up, whereas those with symptoms or radiological changes would have a shorter follow-up at between six months and one year.
Results
Between November 1962 and June 2005, 22 066 primary Charnley LFAs were performed at Wrightington Hospital on 17 409 patients, 4657 (27%) of whom had bilateral procedures. The mean age of the patients' was 67 years (12 to 93). The underlying pathology is shown in Table I , and the number of previous operations on the hips in Table II . At the time of analysis in June 2006, 1001 LFAs (45%) were known to have been revised and 1490 patients (2662 hips, 12%) had died. The findings at revision are shown in Table  III . At 31 years, with a minimum of 40 hips still attending follow-up, survival with revision as the end-point, but also documenting operative findings, was for infection 95%, for dislocation 98%, for a fractured stem 88.6%, for a loose stem 72.5%, for a loose acetabular component 53.7%. Survival, with revision for individual complications as the end-point is shown as a composite graph in Figure 1 .
Survival with revision for all complications was 30% at 31 years.
Discussion
Survival analysis, with each operation being assigned to the same starting point, is an accepted method of reporting the results of THR. Revision, for any indication, is usually taken as the end-point. We have not done this, but have The consistency of the Charnley concept applied to clinical practice has been invaluable, not only in constructing meaningful survival tables, but also in offering sound ideas for further development.
We found that deep infection was an early problem, with 59% (147 of 249) being revised within the first four years and 82.7% (206 of 249) by nine years. Late haematogenous infection was infrequently encountered and is the subject of an ongoing study.
Episodes of subluxation and even dislocation, with spontaneous reduction, may pass unrecorded; the incidence will thus be under-reported.
Revision for recurrent or persistent dislocation should not present such a difficulty. The very low incidence of revisions for dislocation (0.22%) in our study, together with others, 11, 12 which report similarly low rates of revision for dislocation using a small femoral head, clearly suggests that the small head of the Charnley LFA does not carry a high risk of dislocation. Fracture of the original flat back stem was once a common indication for revision. However, the introduction of high-nitrogen stainless steel Ortron (DePuy International, Leeds, United Kingdom), as well as improved cementing techniques, 13, 14 have eliminated the problem. Revisions for aseptic stem loosening, performed between two and four years after primary surgery (18 hips, 6.9%), can probably be attributed to inadequate operative technique.
However, with improved cementing, endosteal cavitation of the femur and loosening of the stem did not become a problem until more than 11 years after primary THR. 14 These changes appear when the incidence of stem fracture has passed its peak. The triple-tapered polished stem -the C-stem (DePuy International) and avoidance of distal stem support 15 are expected to offer long-term benefits in this respect by reducing the loss of proximal support seen so often.
Wear and loosening of an ultra-high-molecular-weight polyethylene (UHMWPE) acetabular component is a significant long-term problem. Revisions within the first five years may sometimes be attributed to operative technique. However, after the fifth year, wear of the acetabular component, measured as penetration and leading to loosening, becomes an increasing problem; 72.6% are revised between the seventh and the 20th years. Thereafter, the incidence of revisions declines: 16.6% between the 21st and 28th years.
Declining activity levels, reduced rates of wear and the decision not to undertake a revision for an asymptomatic non-progressive loosening must also be taken into account when presenting revision, as opposed to radiological failure, as the end point.
Occasionally, wearing of the UHMWPE acetabular component may result in fracture of the component remnant but without loosening. 16 There were four such cases in our series. Our principle of regular follow-up and early revision, if need be for radiological changes alone, is an integral part of informed consent for primary surgery. As clinical results do not always reflect the mechanical state of an arthroplasty, 4 to delay an inevitable revision will lead to progressive loss of bone stock, more complex technical problems, and loss of the opportunity to achieve a better outcome. In addition, the recording of all findings at revision is essential if the information is to be of subsequent value. Other than endosteal cavitation and loosening of the stem, wear and loosening of the UHMWPE acetabular component is a significant long-term problem. It is here that ceramics and cross-linked polyethylene 17 may have a part to play. In this study the difference between the number of LFAs revised and the number of operative findings was 17.8% (1001 revisions; 1178 indications for revision). This suggests that revisions, as reported to the Swedish National Total Hip Arthroplasty Register, are undertaken late, but also implies that the Register does indeed give 'exact but limited information', 6 and may therefore not achieve some of the aims for which it was created. If the same method of reporting is used by other joint registers, 18 a similar criticism would also apply.
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